The results of meta-analysis show a revision rate of 33% for internal fixation of displaced fractures of the femoral neck, mostly because of nonunion. Osteopenia and osteoporosis are highly prevalent in elderly patients. Bone density has been shown to correlate with the intrinsic stability of the fixation of the fracture in cadaver and retrospective studies. We aimed to confirm or refute this finding in a clinical setting.
Displaced fractures of the femoral neck are associated with osteoporosis. 1 The latter is defined as a bone density of more than 2.5 SDs below the peak value and occurs in 16% to 18% of women and 3% to 6% of men in the USA. Likewise, osteopenia is defined as a bone density of between 1.0 and 2.5 SDs below the normal peak value and occurs in 37% to 50% of women and 28% to 47% of men in the USA. 2 Data from The Netherlands are similar. 3 In vitro studies on cadaver bone have shown that there is a correlation (r = 0.69 to 0.78) between bone density and the intrinsic stability of the fixation of the fracture. [4] [5] [6] [7] [8] [9] [10] Two retrospective cohort studies, 11, 12 without control groups, involving 139 and 47 patients in whom internal fixation had been performed using multiple cancellous screws, also reported a relationship between bone density and clinical outcome. In 1994 it was suggested that bone densitometry may help in the selection of patients for internal fixation. 4 In daily clinical practice, age, gender, reduction of the fracture, the technique of fixation, the time to surgery, morbidity, the type of implant and the angle of the fracture all warrant consideration when analysing the effect of bone density. 7, [11] [12] [13] [14] [15] [16] [17] [18] There are two types of operative treatment for displaced fractures of the femoral neck, namely internal fixation and arthroplasty. Three meta-analyses on the treatment of displaced fractures of the femoral neck have identified that sparing of the natural hip by internal fixation leads to revision to arthroplasty in 28% to 36% of patients. Less peri-operative morbidity and possibly lower early mortality, however, favoured internal fixation over arthroplasty. [19] [20] [21] In active patients with a good life expectancy internal fixation may be appropriate since failure can effectively be treated by arthroplasty. 14 Our hypothesis was that active patients over 60 years of age with normal bone density or osteopenia would require fewer revisions to arthroplasty after internal fixation of a displaced fracture of the femoral neck compared with similar patients with osteoporosis. Our aim therefore in this prospective study was to analyse the clinical outcome of internal fixation in osteopenic and osteoporotic patients.
Patients and Methods
Design and inclusion. This was a prospective, multicentre study and part of a larger study which aimed to validate a physiological status score protocol of treatment for patients aged between 60 and 90 years with a displaced fracture of the femoral neck. Scores for mobility (1 to 5 points), accommodation status (1 to 5 points), bone density (1 to 6 points), and cognitive (0 to 5 points) and medical condition (1 to 5 points) were added to give a total physiological status score (maximum 26 points). Patients with a physiological status score ≥ 20 points received internal fixation and those with a physiological status score < 20 points were treated by hemiarthroplasty. 22 For the purpose of this study, we selected the group of patients receiving internal fixation. Four academic and six non-academic teaching hospitals participated in the study. Patients presenting to the Emergency Department with a displaced fracture of the femoral neck were eligible for inclusion. The inclusion and exclusion criteria are listed in Table I .
The study protocol was submitted to the Institutional Review Board of the Academic Medical Centre, Amsterdam. The pre-operative measurement of bone density was considered to be within the limits of existing protocols of medical practice and permission was granted to proceed. The Institutional Review Boards of all other participating hospitals were in agreement with this decision.
Based on the T-score of pre-operative dual-energy x-ray absorptiometry (DEXA) in the femoral neck, the patients were divided into two groups, namely, those with osteopenia and osteoporosis.
Uniform case report forms were distributed to all participating centres. The inclusion of eligible patients was reported to the investigators by telephone and the inclusion criteria were checked. A designated telephone number was available for this purpose on a 24-hour basis. The potential confounding variables of age, gender, time interval in hours 36 A normal healthy patient class 1 A patient with mild systemic disease class 2 A patient who has severe systemic disease which is not incapacitating class 3 A patient who has incapacitating disease which is a constant threat to life class 4 A moribund patient, not expected to survive for 24 hours with or without surgery class 5 from hip injury to surgery and post-operative complications were all recorded on the case report forms.
DEXA scanning of the uninjured hip and lumbar spine, fracture angle on plain radiographs. The results of DEXA scanning, the procedure of choice for the measurement of bone density were given as an SD compared with the peak value of an adult aged from 20 to 30 years (T-score) and an SD compared with bone density of the same age group (Zscore) (Table II) . 23 The cortical bone density of the contralateral uninjured femoral neck and the density of cancellous bone of representative lumbar vertebrae 1 to 4 (fractured or compressed vertebrae were excluded) were measured. The duration of scanning was ten minutes. The extra radiation of 2.0 microSievert (WHO classification group I) for the patients was considered to be minimal. If the uninjured hip contained a prosthesis, the mean T-score and Z-score of the lumbar vertebrae 1 to 4 were used. All participating clinics were required to have an easily accessible facility to perform the pre-operative DEXA scans.
The angle of the fracture was measured intra-operatively on the anteroposterior (AP) image-intensifier views, when the full length of the femoral neck was projected. The angle between the horizontal line through the pelvis and the line between the superior and inferior points of the fracture was measured. The angle was divided into three categories according to Pauwels: 24 < 30˚ (type 1), 30 to 50˚ (type 2) and > 50˚ (type 3).
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Operative technique. In all the hospitals the operations were supervised by staff surgeons with experience in internal fixation for displaced fractures of the femoral neck. In the AP image-intensifier view a reduction of the femoral head in 0˚ to 20˚ of valgus, corresponding to a Garden index25 of 160 to 180˚, was recommended in the study protocol. In the lateral view the line between the centre of the femoral head and long axis of the femoral shaft was recommended to be as close as possible to 180˚. Retroversion of the femoral head up to 10˚ and anteversion up to 5˚ were accepted.
Cannulated cancellous bone screws or compression hip screws were recommended as implants. The three-point fixation principle for the introduction of cannulated screws was stated in the protocol of all ten participating hospitals. 26 The position of the compression hip screw for steep fracture angles above 50˚ (Pauwels type 3 according to Figure 1) was recommended.
With the aid of physiotherapy, all patients were encouraged to achieve full weight-bearing on the operated hip as soon as possible. Collection of data and follow-up. Case report forms were completed on admission, at operation and on discharge. Follow-up was scheduled at eight weeks and at one and two years. At each follow-up interval the Harris hip score 27 as a measure of functional outcome was evaluated. Plain AP and lateral radiographs of the operated hip were also performed and assessed at each follow-up interval.
The end-points were revision to arthroplasty and mortality. Subanalysis of the technique. Two independent, blinded experts rated the reduction of the fracture and the positioning of the implants. The experts were also blinded to each others' findings. Digital images of only the pre-, intra-and post-operative radiographs, with names of the patient and institution removed, were presented to each expert. They were asked to rate reduction and internal fixation separately and then to rate the overall technique. An adequate or inadequate rating for technique, regardless of their opinion of likely clinical outcome, was assigned. Both experts agreed on the specific aspects of the reduction of the fracture and fixation listed above. If both experts rated the overall technique as inadequate, the case was considered to be a technical failure. Statistical analysis. The database was created in a SPSS, version 11.5 (SPSS, Chicago, Illinois), spreadsheet format. The distribution of the data was tested by a one-sample Kolmogorov-Smirnov test. For normally distributed data, p values and 95% confidence intervals (CI) were calculated by an independent samples t-test. The two-sample MannWhitney test was used to calculate significance in abnormally distributed data. A p value below 0.05 was considered to be significant. For non-parametric correlation the Spearman rank co-efficient was calculated.
Results
A total of 126 patients eligible for internal fixation was selected. Nine patients were excluded because of violation of the study protocol and two because of an untraceable new address. Four patients died within three months before any follow-up had taken place. The bone density of these 15 excluded patients was similar to those of the study group (T-score femoral neck, -2.42 vs -2.18, p = 0.37; T-score lumbar vertebrae, -1.93 vs -1.97, p = 0.87).
This left 111 patients (76 women, 35 men) in the study. The baseline characteristics of the two groups are shown in Table III . Age, gender, delay to surgery, the angle of the fracture and the type of implant were similar in both. In the subgroup of patients with steep fracture angles >50˚ (Pauwels type 3) there was no difference in the proportion of patients who received cancellous screws or a compression hip screw. Reliable DEXA results of the lumbar spine were obtained in 64 patients. In this group there was a significant correlation (r = 0.44, Fig. 2 ) between the T-score of the Correlation between the bone density T-score of the first four lumbar vertebrae and that of the femoral neck (n = 64; Spearman rank test, p < 0.001). The T-score is expressed as the SD with a negative value (-SD) femoral neck (cortical bone density) and the mean T-score of the first four lumbar vertebrae (cancellous bone density).
Patients with osteopenia (mean femoral neck T-score -1.6) and with osteoporosis (mean femoral neck T-score -3.4) had the same rate of revision to arthroplasty (41% and 42% respectively, p = 0.87). Table IV also shows the failure rates for each possible subgroup of T-and Z-scores of the femoral neck and the first four lumbar vertebrae.
The post-operative complications and mortality were similar in both groups (Table V) . Osteopenia and osteoporosis did not affect the functional outcome, expressed by the Harris hip score at eight weeks, and at one and two years in the 65 patients with a successful outcome of internal fixation (Table VI) .
The subanalysis of technical performance by the two blinded experts identified an inadequate overall internal fixation technique in 15 patients, of whom 13 underwent revision during subsequent follow-up. The interobserver agreement between the two experts on overall technique, expressed as the kappa statistic, was 0.65 ± 0.10 which was good.
The overall technical rating also correlated significantly with clinical outcome (Spearman rank correlation co-efficient 0.404, p < 0.001). Omitting these 15 cases, failure of internal fixation occurred in 23 patients with osteopenia (36%) and in ten with osteoporosis (31%, p = 0.76).
Discussion
Our findings, including a subanalysis of technique, did not confirm the claims of previous studies that bone density may be a useful predictor of clinical outcome or is associated with intrinsic stability of fixation of a displaced fracture of the femoral neck. 4, [8] [9] [10] [11] [12] We found no effect on the healing of the fracture at follow-up at two years. Our study represents level-2 (therapeutic) evidence, a non-randomised prospective design with a concurrent control group.
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Table IV. Failure of internal fixation related to bone density of the femoral neck (n = 111) and first four lumbar vertebrae (n = 64). T-and Z-scores are expressed as means. Z-score < 1.0 = normal for age, Z-score > 1.0 = abnormal for age It is possible that higher bone density results in more stable intrinsic fixation initially, but this cannot be properly analysed in vivo. Although correlations between bone density and the stability of internal fixation in cadaver femoral loading studies using paired femora were significant, the number of specimens was probably too few and the correlations too low for the results to apply clinically. 4, 6, 9, 10 The holding power of screws within the femoral head has been studied in pull-out tests. 9, 29, 30 However, only shearing and compressive forces act on an internal fixation device, leading to cutting-out or perforation of the device rather than pulling-out. The clinical relevance of pull-out tests is therefore unclear. 8, 30 In a larger study of 48 paired femora in vitro only bone density and the size of the femoral head had a significant influence on the cut-out holding power of the screw device. 8 Based on this finding Jenny et al 8 also suggested that a clinical, prospective study should be done to determine the importance of bone density for the success of internal fixation. Our clinical, prospective study refutes the suggestion of Sjostedt et al 6 of performing arthroplasty in patients with a bone density of less than 0.4 g/cm 2 since internal fixation could not be expected to hold below this level in vitro. In a clinical, retrospective study Spangler et al 12 calculated a risk of 7.8 of failure of internal fixation within 12 months if a diagnosis of osteoporosis was present in the patient's history. Whether bone density was initially measured by DEXA or otherwise in this study is unclear.
The statement that a displaced fracture of the femoral neck is a hallmark of osteoporosis appears to be partially true. 1 Osteopenia, rather than osteoporosis, was more prevalent (66% vs 34%, respectively) in our selected patient group. Reliable pre-operative DEXA scanning of patients with an unstable displaced fracture of the femoral neck was performed without additional hospital resources. In our experience, patient discomfort was no worse than might be experienced during plain radiography of the hip. Since the bone density of the first four lumbar vertebrae correlated well with that of the femoral neck, measurement of the lumbar spine alone can suffice if measurement on the hip is not possible. Dutch guidelines, similar to those of the USA, recommend DEXA in all patients who have sustained a fracture of the hip. 3, 31 In the case of osteoporosis, treatment with bisphosphonates, calcium and an exercise schedule are evidence-based recommendations, which may help to prevent future fractures from minor trauma. 3, 31 If left untreated, it is estimated that more than 50% of Caucasian women will sustain an osteoporotic fragility fracture in their lifetime. 1, 32 A history of osteoporosis and a hip fracture has been shown to result in a risk of 11% for a second, contralateral fracture of the hip. 33 We have shown that pre-operative DEXA scanning is not necessary for the selection of treatment in patients with displaced fractures of the femoral neck, but that DEXA should be performed post-operatively.
The selected patients eligible for internal fixation in our study constituted one treatment arm of a larger study, which aimed to validate a physiological status score protocol of treatment. In the other arm of this study, patients with a lower physiological status were included (i.e. less mobility, more dependency, poorer cognitive and medical states) and were treated by hemiarthroplasty. Osteopenia of the femoral neck and lumbar spine in the hemiarthroplasty patients was present in 34% and 57% respectively and osteoporosis in 66% and 43% of patients respectively (data not shown). The mean T-score of the femoral neck was -2.3 ± 0.7 in the study group of internally fixated patients and -3.0 ± 1.0 in the hemiarthroplasty arm of the physiological status score study (p < 0.01). 22 Bone density of the first four lumbar vertebrae was similar in the internal fixation and hemiarthroplasty arms of the physiological status score study (p = 0.88). Because of the significant difference in the bone density of the femoral neck between patients in both arms of the larger study, our results apply only to the relatively selected group of ambulatory patients with good mental and physical health.
Malreduction and malfixation are known risk factors for avascular necrosis of the femoral head and failure of internal fixation. 11, 25, 34 The technical rating panel identified an error rate of 13% in our study, despite supervision of an experienced staff surgeon being mandatory. Excluding technical failures, the revision rates decreased, but remained similar, in both the osteopenia and osteoporosis groups. Precise surgical technique is vital and to simply rely on the type of implant produces poor results. Delegation of internal fixation for displaced fractures of the femoral neck to junior or inexperienced staff cannot be justified. 13 Comminution of the fracture was a variable which was not analysed in our study. Since all fractures are comminuted to different extents, this was difficult to measure and quantify for the technical panel.
Either cannulated cancellous screws or sliding hip screws may be used for internal fixation. This recommendation in the study protocol was based on a meta-analysis which pooled the data from 25 randomised studies totalling 4925 patients. No significant difference in clinical outcome between the use of two to four cannulated screws and sliding hip screws was found. 18 Both types of implant were distributed similarly in the osteopenic and osteoporotic patient groups, which minimises any effect of implantrelated bias. Our results were in line with those of the metaanalysis. 18 The clinical failure rate of patients treated by three cannulated screws was 48%, and 38% (p = 0.32) for those with a compression hip screw. The clinical failure of cannulated screws vs fixed-angle compression hip screw for steep fracture angles >50˚ (Pauwels type 3) was not significantly different (47% vs 42%, p = 0.75).
In conclusion, active patients over 60 years of age with osteopenia or osteoporosis have similar clinical rates of failure of internal fixation for displaced fractures of the femoral neck. Pre-operative measurement of bone density in order to select eligible patients for internal fixation does not appear to be useful. A randomised study between internal fixation and arthroplasty in both osteopenic and osteoporotic patient groups, evaluated by DEXA scanning, will provide better evidence for the optimal treatment of these fractures.
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